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Abstract-Weed struggle has an important place in agricultural production. The widespread use of chemicals in this struggle is due to its easy applicability, its short-term results, and its economic efficiency. However, the negative effects of these chemicals on the environment and human health have been recognized, and the interest in non-chemical struggle methods has also increased. One of the non-chemical methods of struggle is using electric energy. In this work, which is carried out by passing the electric current through the plant, it is aimed that ended the vital activity of weed (cress), as a result of electric current flowing through it. The experimental setup prepared for use in operation consists of a voltage regulator with 1-300 V steps and copper conductors which will contact the plants. In the experiments, weed seeds germinated under suitable conditions were placed on the board to complete the electric circuit and the circuit was completed by passing current through the plants that the copper conductor tips contacted. As a result of the experiments, plants were observed to lose their vitality about 70% when 100 volts of electricity was applied over the body for 300, 420 and 540 seconds. On the other hand, when electric energy was applied as 200 volts and 300 volts for 300, 420, and 540 seconds, respectively, the vital activity of the plants close to 100% was ended.
Index Terms-Electric; Weeds; Non-Chemical Weed Control.
I. INTRODUCTION
At the beginning of the measures taken against weeds is chemicals struggle. However, excessive use of agricultural chemicals is causing serious environmental problems. In addition, the physical and biological struggle is less harmful to environment and human health. So, the non-chemical methods are being tried to apply. This study aims to determine the feasibility of using electricity in weed control. It is aimed to contribute to the delivery of agricultural products without any chemical residues by means of electric energy method and to prevent soil and water pollution caused by chemical residues.
In agricultural production, harmful chemicals used in weed struggle have begun to be banned in developed countries. Alternative environmental and non-chemical methods applied in the weed struggle are being developed with scientific studies.
One of the non-chemical weed control methods is the electric current method. However, these methods applied by electric current or microwave are not yet economical and applicable. More research is needed to determine the applicability of these non-chemical methods of weed struggle. Weed struggle with electric energy is not really very new. Electricity has been used since 1970 for soil disinfection, restriction of germination of weed seeds or application of electric energy to germinated weed seeds.
"The concept of using electrical energy to kill weeds was developed in the late 1800s and several patents have been registered in the USA since 1890. The most recent electrical weed control system consists of a tractor driven device designed to destroy persistent weeds in row crops following conventional chemical treatment", [32] .
Physical disinfection methods, such as electrical currents and electromagnetic waves, also increase the temperature of pathogens and weed seeds [9] , [19] . With the effect of electric energy, the plant body and leaves fade in a short time and then the plant is completely dead. 8 and 16 days old germinated plants were observed to be dead after about 10 days with different periods of application of microwave energy [33] .
Reference [6] investigated the effect of microwave energy on the growth rates of corn seeds and found that all of the seeds exposed to microwave energy were probably not germinated due to water loss. Interest in the effects of electric energy on biological substances actually began in the late 19th century, and most of the work done in this period is related to the effects of RF (Radio Frequency) on plant seeds [2] .
Reference [14] used an Electric Discharge System (EDS) for weed control in a study they did. While the EDS was operating at a speed of 4.7 km / h, an average of 8.0 L / ha of diesel fuel was used and it was processed at 3.0 ha/hour and operated at a field efficiency of 94%. Economic comparisons were made between an herbicide cylinder, an EDS machine, and a circulating sprayer.
As disinfection of soil with electric energy (electric current or microwave) does not leave any chemical residue [20] , [18] , [17] it seems to be an alternative to chemical weed struggle method.
Reference [21] achieved a success rate of 40% when tested for control of weeds with an electrical contact machine in sugar beet. He stated that this ratio is about 60% for the use of chemical drugs. Nevertheless, he stated that it has advantages because of ecological and economical reasons.
Reference [11] made the cut with a laser to work, delaying the re-growth of weeds, reduces the competitiveness and killed weeds but also low-cost, use less energy, ecological, stated that effective in terms of weed control methods. The jet cutting is a process using very high-pressure water and stated that it may be an alternative in cutting weeds.
Reference [10] , in their study, applied electric current to the weed leaves with electrodes. When the applied voltage is 50-100 V, many small currents of 1 or 2 μA pass through the plant, but when the voltages between 5 and 15 kV are applied, the current value increases and the target plants are rapidly destroyed. In addition, the very small currents that Using Electric Current as a Weed Control Method Hasan Sahin, Mehmet Yalınkılıc flow over the plant have also been the result of accelerating the growth of plants. It has also been stated that high-voltage tractor supply equipment can be used for weed control.
Reference [3] stated that work on the weed fighting has increased over recent years on methods such as infrared radiation (IR), hot water, steam, hot foam, electric energy, microwave radiation, ultraviolet radiation, and laser.
Reference [15] stated that automatic laser beams used in weed control can be effective by sending adjusted laser beams to sensitive, critical regions of weeds. They also emphasized the need to determine the target point on the weed and move the laser beam to that spot.
Reference [23] in his study, investigated to determine the level of restriction of germination of the weed seeds by applying microwave led to significant loss of production in agricultural areas. In the study as weed seeds, cress and arugula seeds are used. Weed seeds were sown at equal depths (8-10 mm) to the soil mixture prepared to investigate the effects of microwave energy on germination of plant seeds were exposed to microwaves in a microwave conveyor belt apparatus developed for this study for 126s, 70s, and 50s. According to the results obtained, a restriction of 100 % was observed in the germination of seeds exposed to microwave for 126 seconds.
Reference [22] discussed the feasibility of microwave methods in the disposal of weeds in the work they did. In this study, the applicability of the method of destroying weeds, which cause significant losses in agricultural production, by applying microwave has been investigated. Wild mustard, wild oats, cress were used as an experimental plant in the study. After these plants germinate, the proportions and damage levels of plants lost their viability by microwave energy were determined.
Reference [17] investigated the construction of soil disinfection with electricity in agriculture. Reference [13] reported that the accumulation of multiphoton and electron ionization using UV and IR lasers as a weed control method causes plant tissues to break up.
Studies have shown that the cause of living cell death is due to microwave electric field as well as the thermal effect due to electric energy [4] . Reference [30] stated that in a study they conducted, microwave energy was transferred directly to the material through molecular interaction in microwave heating, which is another advantage of microwave heat treatment applications.
However, [8] reported that during the microwave drying process, undesirable side effects such as physical damage to agricultural products, uneven temperature distribution, and deterioration of biological values may occur.
Reference [28] investigated the effects of microwave radiation on weed seeds in an experimental study. In a study by [31] ; A weed combat machine with microwave energy has been developed. Reference [24] investigated the potential of electric energy in weed control.
Reference [25] investigated the effects of 2.45 GHz microwave energy on plants and investigated the difference between plants exposed to microwave application and those plants not exposed to microwave energy under the same conditions.
As reported by [16] ; A laser can be used as a method of destroying weeds. Reference [12] investigated the parameters of organophosphorus (organic phosphorus) pesticides in the soil that are effective in soil removal by microwave. Reference [27] investigated the quality change in microwave-dried agricultural products in their studies and reported that the product quality was the same as or higher than conventional drying methods.
Reference [29] have also developed a machine that applies a microwave for the destruction of undesirable crops grown in agricultural areas. Reference [1] investigated the effects of microwave radiation on lentil seeds. In the work done by [26] , it has been stated that the temperature distribution of the microwave energy used in food heating is not proper, it lowers the heating quality and threatens food safety.
In the majority of the studies carried out, although there was an increase in seed germination in short-time microwave applications, seeds were found to have died in longer applications [5] . A portion of the microwave produced during weed control applications with microwave energy (thermal losses) being leaked to the external environment and to reduce the competitiveness of the chemical methods of increasing energy costs microwave method of [7] has indicated.
II. MATERIALS AND METHODS

A. Experiment cabinet
The experiment cabinet was made by mounting two wooden panels of dimensions 52 cm x 45 cm, 4 inner channel feet of 8 cm x 5 cm x 20 cm, 2 copper plates of 40 cm x 50 cm dimensions and 936 copper electrodes of the copper plate. In addition, the test cabin is secured by installing a leakage current relay (Fig. 1 ). An electric circuit is formed by connecting the positive (+) terminal to one of the copper conductive layers and the negative (-) terminal to the other copper conductive layer. The test cabinet consists of five parts. The two upper and lower layers forming the skeleton of the cabin are composed of four legs which are opened to allow the cabin to stand and to move the upper copper plate. There are also two lower and upper copper plates, a shaft serving as elevator, copper electrodes and leakage current relay (Fig. 2) .
Copper electrodes were cut to lengths of 21 cm and then rolled 10 cm from both sides to be mounted on the copper layer (Fig. 3) . Copper plates were selected in dimensions of 40 cm x 50 cm (Fig. 4) . 936 holes were made on the copper layer with 1 cm between the rows and the previously prepared copper electrodes were mounted in the holes formed on the layer (Fig. 4) .
B. Power Supply
The power supply used in the experiment provides a constant voltage between 1 and 300 volts. (Fig. 5) . Power supply, has features such as , 1 phase input / 1 phase output, 1 KVA power supply, input voltage range: 130 VAC / 260 VAC, output voltage accuracy: 220 VAC ± 2%, regulation speed: 500 V / s operating temperature range: -40 ° C / + 60 ° C, operation from 1 to 300 volts, high/low voltage protection and high temperature protection. 
C. Digital thermocouple and humidity meter
The soil temperature and moisture measurement before and after application of electric current were carried out with DT-615 model digital temperature and humidity meter. The device has features such as semiconductor sensor measurement; 0 ºC -40 ºC and thermocouple wide temperature measurement range -20 ºC to 1000 ºC, humidity measurement is 0.1% RH and 100% RH, accuracy; ± 3.5% RH. K-type prop is correct; ± 3.0 readings + 4 ° C (Fig. 6 ). 
D. Air-conditioning cabinet
In order to ensure that germinated weed seeds kept at a constant temperature and humidity before and after voltage application, temperature, humidity, and light controlled İK-300 air-conditioning cabinets have been used (Fig. 7) . In this study, weed plants were germinated at room temperature placed in the test cabin can contact the lower layer (negative) and the electrodes (positive) placed in the upper layer. Electricity was applied to germinated weeds at different voltages (100, 200, 300, volts) and for different durations (300s, 420s, 540s, etc.) obtained from the power supply.
The application of the electric energy as a weed control method is accomplished by the completion of the circuit by contacting the plant with the high voltage electrodes. The electric current flows to the soil over the plant body and the circuit will be completed. Due to the electrical resistance of the plant, the electric energy is converted into heat according to (1).
The amount of energy (E) transferred to a single plant depends on the electrical resistance of the plant ( ), the contact time of the electrodes to the plant ) and the applied voltage (V).
The effective contact time of the electrodes is expressed in terms of (2) . Here, the number of plants contacted by the electrodes at any time ( ) is equal to the product of electrode length ( ), effective electrode width ( ) and plant density ( ), [32] .
The high temperature due to the electric current and the consequent evaporation of water and other vital fluids within the plant have resulted in death.
Changes in plants subjected to electrical energy with different voltages and durations were detected. The plants were monitored by keeping them at room temperature in an air-conditioning cabinet. The temperature changes, physical appearance and biological condition of the plants, roots and bodies were observed.
Survival rates of observed plants in regular intervals and were identified by comparisons and root counts.
After the application of the electric current, the specimens which were irrigated at regular intervals were observed on daily basis by being kept at 23-25 ° C temperature and 75-80% humidity in the air conditioner cabinet. 100V, 200V
and 300V electrical energy applied to the weed plants for different durations and the death rates were determined by counting the number of seeds.
In the study, temperature differences were determined by measuring the body temperatures before and after the electric current was applied to the plants.
The temperature difference is thought to be due to the electric current duration and level of applied voltage.
III. RESULTS AND DISCUSSION
A. Results
In the study, it was determined that there was no visible thinning of the body thicknesses of the remaining 28 plants, of which 80 of the plants were subjected of 100-volt electricity for 300 seconds and 52 of the plants' activity had ended. It was determined that the remaining 10 of 56 plants, which had been subjected to 100 volts of electricity for 420 seconds, had a visible thinning in their body thickness (Table I ). It is observed that the remaining 7 roots of the 54 root of the 61 cress plants that were applied 100-volt electricity for 540 seconds were thinned in their bodies (Fig.  8 ). Similarly, there was no visible thinning of the body thicknesses of the remaining 11 roots of which 79 viticultural activities ended with 90 root cress plants applied 200 volts of electric energy for 300 seconds (Table II) .It has been determined that the vital activity of the entire 90 root cress plants passing through the 200 volt electric for 420 seconds, has ended (Fig. 9 ) Finally, when 300 volts applied to germinated seeds for 300 seconds, 82 of 90 plants died. In the remaining 8 plants, very little thinning and drying of the body were observed.
It has been determined that all 90 plants that have been subjected to 300 volts of electricity for 420 seconds have died. It has been determined that all 90 plants that have been subjected to 300 volts of electricity for 420 seconds have died (Table III) .
Similarly, it has been determined that all 90 plants that were given 300 volts of electricity for 540 seconds died.
B. Discussion
In the study, electric arc method, which is one of the alternative methods of weed removal, was applied at 100 volts, 200 volts and 300 volts. The voltage application times were 300 s, 420 s and 540 s. It has been determined that the electric current passing through the plants body was inadequate when the low voltage applied , but positive results were obtained when it was applied for a long time duration like 540 s. Since the current flowing through the roots of the plants can be vary depending on the electrical resistances of the plants, it has come to the conclusion that the appropriate voltage and duration should be determined for each plant. To choosing the voltage value and time to be applied, it was necessary to take into consideration the level of development of the plants and the plant density in the unit area. In addition, the number of conductive leads, the number of contact points and the contact times must be accurately determined according to the plant type to which the electric current will be applied. According to the weed type, if the voltage value, number of contact point and contact duration were determined correctly, the electric current method may be considered successful at a high rate. ACKNOWLEDGMENT H. SAHIN, thanks to the Board of Harran University Scientific Research Projects for their supports.
